Deconstructing the molecular mechanisms of cell cycle control in a mouse adrenocortical cell line: roles of ACTH.
This is a progress report of an attempt to deconstruct the signaling network underlying cell cycle control in the mouse Y1 adrenocortical cell line, aiming to uncover ACTH growth regulatory pathways. Y1 adrenocortical tumor cells possess amplified and overexpressed c-Ki-ras proto-oncogene. Despite this oncogenic lesion, Y1 cells retain tight regulatory mechanisms of cell cycle control typified by the sequential events comprising the mitogenic response triggered by FGF2 in G0/G1-arrested Y1 cells: 1) activation of ERK1/2 and PI3K, by 5 minutes; 2) induction of c-Fos and c-Myc proteins by 2 hours; 3) induction of cyclin D1 protein by 5 hours; 4) phosphorylation of Rb protein between 6 and 8 hours; 5) onset of DNA synthesis by 8-9 hours. In this cell line, ACTH-receptor (ACTH-R) activates contradictory pathways of growth regulation. First, ACTH coordinately induces fos and jun gene families via activation of both ERK1/2 and cAMP/PKA pathways, resembling a mitogen. Second, ACTH-R triggers cAMP/PKA-mediated antimitogenic mechanisms comprised of Akt/PKB dephosphorylation/deactivation, c-Myc protein degradation, and p27(Kip1) protein induction. Induction of cyclin D1 depends on activation of both ERK1/2 and PI3K, but is not affected by ACTH action. As a consequence, ACTH antagonizes FGF2 mitogenic activity but ectopic expression of the c-Myc protein (via MycER fusion protein) is sufficient to abrogate this ACTH antagonistic effect over FGF2 mitogenic activity. Ectopic expression of both c-Myc and cyclin D1 is not sufficient to drive G0/G1-arrested Y1 cells into S phase, but when the sustained expression of these two proteins is complemented by ACTH treatment it promotes G1 phase progression and DNA synthesis initiation. In conclusion, ACTH-receptor lacks signaling potential sufficient to initiate a mitogenic response in Y1 adrenocortical cells and, therefore, cannot substitute for bona fide mitogens like FGF2.